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XMAGS-OEMRR ATION SYSTEM AND PROGRAM 

TECHNICAL FIELD 

The present invention relates to an image generation 
5 system and program. 

BACKGROUND ART 

There is known an image generation system which can 

generate an image as viewed from a given viewpoint within a 
10 virtual three-dimensional or object space. Such a system is very 

popular since one can experience a so-called virtual reality 

through it. Now considering an image generation system for 

playing a racing game, a player can enjoy a three-dimensional 

game by controlling a motorcar (or object) for causing it to 
15 run in an object space and for causing the player's motorcar 

to compete against other motorcar (s) which are controlled by 

other players and/or computer. 

In order to improve the virtual reality for a player in 

such an image generation system, it was an important technical 
20 problem to produce more realistic images. It is thus desired 

that even the image of an object in the background can more 

realistically be represented. 

One of various known techniques for more realistically 

representing the image of an object in the background is a 
25 technique known as "depth cueing" . This depth cueing is 

configured to blur an object in the background by bringing the 

color of the obj ect close to a target color (e.g., gray or white) 
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depending on the distance between the object and a viewpoint. 

However, when the target color used in the depth cueing 
is a gray color and the most distant background (background) 
is blue sky, the target color (gray) of the depth cueing will 
be different from the color (blue) of the most distant 
background. Therefore, the object appearing or disappearing 
near a clipping position will be seen even though the depth 
cueing brings the color of the distant object close to the target 
color. This will raise a problem in that the screen flickers 
due to the appearance and disappearance of the distant object 
at the clipping position. 

To overcome such a problem, the following technique may 
be considered. Namely, a most distant background picture having 
the same or substantially the same color as the target color 
in the depth cueing may be provided. Such a most distant 
background picture will always be used irrespectively of the 
situation of game. 

However, the fixed picture will monotonize the game scene . 
This will raise another problem in that the feel of the player 
for the virtual reality cannot be improved. 

DISCLOSURE OF THE INVENTION 

In view of the aforementioned problems, an objective of 
the present invention is to provide an image generation system 
and program which can generate various realistic images while 
overcoming the problem of flickering in screen due to the 
appearance and disappearance of distant objects. 


To this end, the present invention provides an image 
generation system comprising: depth cueing processing means 
which performs processing for depth cueing for an object such 
that the color of the object being more distant from a viewpoint 
5 is made closer to a target color; alpha value processing means 
which performs processing for varying an alpha (a) value of 
the object so that the object being more distant from the 
viewpoint becomes more transparent; and drawing means which 
draws an image viewable from a virtual camera in an object space. 
- 10 A computer-usable information storage medium according to the 
present invention comprises a program for implementing the 
aforementioned means . According to the present invention, there 
is provided a computer-usable program (including a program 
embodied in a carrier wave) comprising a processing routine for 
-15 implementing the aforementioned means. 

According to the present invention, the color of an object 
(including one or more primitive surfaces) being more distant 
from the viewpoint can be made closer to the target color and 
more transparent. Therefore, a player would not feel the 
2 0 appearance and disappearance of distant objects. Thus, the 
problem of flickering in screen can be overcome. 

The depth cueing processing and the varying processing 
of the alpha value (i.e., transparency, translucency or 
opacity) may be carried out based on a Z -value of an object or 
25 based on the distance (in a straight line, for example) between 
the viewpoint (i.e., virtual camera, screen or moving object) 
and an object. The depth cueing process can be performed by any 
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of various known methods. 

In the image generation system, information storage 
medium and program according to the present invention, the 
drawing means may draw a most distant background including a 
5 color different from the target color. This makes it possible 
to draw various types of a most distant background to improve 
the variety in generated images . 

In the image generation system, information storage 
medium and program according to the present invention, the depth 

10 cueing processing means may perform depth cueing for the obj ect 
on condition that the object is positioned within a given area; 
and the alpha value processing means may perform processing for 
varying the alpha value on condition that the object is 
positioned within a given area. This makes it possible to reduce 

15 the processing load since objects out of a given area do not 
require the depth cueing and alpha value varying processing. 

In the image generation system, information storage 
medium and program according to the present invention, the depth 
cueing processing means may vary a depth cueing value for each 

20 vertex of the object based on a Z-value for each vertex of the 
object; and the alpha value processing means may vary the alpha 
value for each vertex of the object based on the Z-value for 
each vertex of the object. This enables more accurate depth 
cueing and alpha value control . 

25 The image generation system, information storage medium 

or program according to the present invention may further 
comprise sorting means which sorts obj ects of which alpha values 
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are varied and causes the objects to be drawn sequentially from 
an object nearest to the viewpoint, or a program or processing 
routine for implementing this sorting means. 

According to another aspect of the present invention, 
5 there is provided an image generation system comprising: alpha 
value processing means which performs processing for varying 
an alpha (a) value of an object so that the object being more 
distant from the viewpoint becomes more transparent; and 
drawing means which draws an image viewable from a virtual 

10 camera within an object space. The present invention further 
provides a computer-usable information storage medium 
comprising a program for implementing the aforementioned means . 
The present invention still further provides a computer-usable 
program (including a program embodied in a carrier wave) 

15 comprising a processing routine for implementing the 
aforementioned means. 

According to the present invention, an object being more 
distant from the viewpoint can be made more transparent. 
Therefore, the player would not feel the appearance and 

20 disappearance of distant objects. Thus, the problem of 
flickering in screen can be overcome. 

According to further aspect of the present invention, 
there is provided an image generation system comprising: alpha 
value processing means which performs processing for varying 

25 an alpha ia) value of an object depending on the distance 
between the object and the viewpoint; sorting means which sorts 
objects of which alpha values are varied and causes the objects 


5 


to be drawn sequentially from an object nearest to the 
viewpoint; and drawing means which draws an image viewable from 
a virtual camera in an object space in drawing order determined 
by the sorting means while performing alpha blending based on 
5 the alpha value. The present invention further provides a 
computer-usable information storage medium comprising a 
program for implementing the aforementioned means. The present 
invention still further provides a computer-usable program 
(including a program embodied in a carrier wave) comprising a 

10 processing routine for implementing the aforementioned means . 

According to the present invention, the objects of which 
alpha values are varied are drawn sequentially from an object 
nearest to the viewpoint. Therefore, alpha blending can be 
prevented from occurring in an overlap area between the objects 

15 to be varied in alpha value. This makes it possible to generate 
more natural images. The most distant background can be drawn 
prior to the drawing of the objects to be varied in alpha value. 
The drawing means may perform the hidden - surf ace removal 
according to the Z-buffer method. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of the embodiment of an image 
generation system according to the present invention. 

Fig. 2 is illustrative of a technique of making an object 
25 being more distant from a viewpoint more transparent as well 
as making the color of the object closer to a target color. 

Figs. 3A and 3B show game image examples generated 
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according to the embodiment of the present invention. 

Fig. 4 is illustrative of a technique of varying the depth 
cueing value and alpha value for a vertex in an object, based 
on a Z -value for the vertex. 
5 Figs. 5A, 5B and 5C are illustrative of a drawing order 

for objects in alpha blending. 

Pigs. 6A and 6B are illustrative of a technique of drawing 
objects to be varied in alpha value sequentially from an object 
nearest to the viewpoint. 
10 Fig. 7 is a flowchart illustrating details of the process 

according to the embodiment of the present invention. 

Fig. 8 shows an example of hardware configuration for 
implementing the embodiment of the present invention. 

Figs. 9A, 9B and 9C show various examples of systems to 
15 which the embodiment of the present invention can be applied. 

BEST MODES FOR CARRYING OUT THE INVENTION 

Preferred embodiments of the present invention will now 
be described with reference to the drawings. Although the 
20 present invention will be described in connection with a racing 
game, it is not limited to such a racing game, but may be applied 
to any of various other games . 

1 . Arrangement 

25 Fig. 1 shows a block diagram of this embodiment. In this 

figure, this embodiment may comprise at least a processing 
section 100 (or a processing section 100 with a storage section 
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170 or a processing section 100 with a storage section 170 and 
an information storage medium 180) . Each of the other blocks 
(e.g., control section 160, display section 190, sound output 
section 192, portable information storage device 194 and 
5 communications section 196) may take any suitable form. 

The processing section 100 is designed to perform various 
processings for control of the entire system, commands to the 
respective blocks in the system, game processing, sound 
processing and so on. The function thereof may be implemented 

10 through various processors (CPU, DSP and the like) or through 
hardware such as ASIC (gate array or the like) or through a given 
program (game program) . 

The control section 160 is used to input operational data 
from the player and the function thereof may be implemented 

15 through hardware including levers, buttons, housing or the 
like. 

The storage section 170 provides a working area for the 
processing section 100, communications section 196 and others. 
The function thereof may be implemented by hardware such as RAM 

20 or the like. 

The information storage medium (which may be a 
computer- readable storage medium) 180 is designed to store 
information including programs, data and others. The function 
thereof may be implemented through hardware such as an optical 

25 memory disk (CD or DVD) , a magneto - optical disk (MO), a magnetic 
disk, a hard disk, a magnetic tape, a memory (ROM) or the like. 
The processing section 100 performs various processings in the 


present invention (or this embodiment) based on the information 
that have been stored in this information storage medium 180. 
In other words, the information storage medium 180 stores 
various pieces of information (or programs or data) for 
5 executing the means (particularly, the blocks included in the 
processing section 100) of the present invention (or this 
embodiment) . 

Part or the whole of the information stored in the 
information storage medium 180 will be transferred to the 
10 storage section 140 when the system is initially powered on. 
The information stored in the information storage medium 180 
may contain at least one of program code set, image data, sound 
data, object shape data, table data, list data, information for 
instructing the processings in the present invention, 
15 information for performing the processings according to the 
instructions and so on. 

The display section 190 outputs images generated 
according to this embodiment. The function thereof may be 
implemented through hardware such as CRT, LCD, HMD (Head Mount 
20 Display) or the like. 

The sound output section 192 outputs sounds generated 
according to this embodiment. The function thereof may be 
implemented by hardware such as a speaker or the like. 

The portable information storage device 194 is to store 
25 player's personal data, saved data and the like and may include 
a memory card, a portable game device or the like. 

The communications section 196 is designed to perform 
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various controls for communication between the game system and 
any external device (e.g., a host machine or other image 
generation systems) . The function thereof may be implemented 
through any of various processors, hardware means such as 
5 communication ASIS or the like or a program. 

Programs or data for executing the means in the present 
invention (or this embodiment) may be delivered from an 
information storage medium included in a host machine (or 
server) to the information storage medium 180 through a network 

10 and the communications section 196. The use of such an 
information storage medium in the host machine (or server) falls 
within the scope of the invention. 

The processing section 100 further comprises a game 
processing section 110, an image generation section 130 and a 

15 sound generation section 150. 

The game processing section 110 is designed to perform 
various processes such as coin (or charge) reception, setting 
of various modes, game proceeding, setting of scene selection, 
determination of the position and rotation angle (about X-, Y- 

20 or Z-axis) of an object (including one or more primitive 
surfaces), moving the object (motion processing), 
determination of view point (virtual camera) and angle of visual 
line (rotational angle of the virtual camera) , arrangement of 
an object such as a mapped object within the object space, hit 

25 checking, computation of the game results (or scores) , 
processing for causing a plurality of players to play in a common 
game space, various game computations including game -over and 


10 


other processes, based on operational data from the control 
section 160 and according to the data and personal data, saved 
data, game program and the like from the portable information 
storage device 194 . 
5 The game processing section 110 includes a 

movement/action computing section 114. 

The movement/action computing section 114 computes 
movement information (positional data and rotational angle 
data) for objects such as motorcars and the like and action 

10 (motion) information (positional data and rotational angle data 
for each parts in objects) . For example, the movement/action 
computing section 114 may cause an object to move and/or act 
based on operational data inputted by a player through the 
control section 160. 

15 More particularly, the movement/action computing section 

114 determines the position and rotational angle of an object, 
for example, for each frame ( for each 1/60 seconds ) . For example, 
it is now assumed that the position of an object for (k-1) frame 
is PM^.-i, its speed is VM]^_i, its acceleration Amj^.j^ and one frame 

20 time is At. The position PM,, and speed VM^ of that object for 
k frame may be determined, for example, by the following 
formulas (1) and (2) : 

PMj, = PM,,.! + VM^.i x At (1) 
2 5 VMj, = VM„.i + AMfc.i x At (2) 

The image generation section 130 is to perform various 
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image processings according to instructions from the game 
processing section 110. For example, the game processing 
section 110 may generate an image viewable from a virtual camera 
(or viewpoint) within an object space, the generated images 
5 being then outputted toward the display section 190. The sound 
generation section 150 is to perform various sound processings 
according to instructions from the game processing section 110 
to generate BGM, sound effects, voice which are in turn 
outputted toward the sound output section 192. 

10 All the functions of the game processing section 110, 

image generation section 130 and sound generation section 150 
may be implemented through hardware and/or programs. 

The image generation section 13 0 comprises a geometry 
processing section (or three-dimensional coordinates 

15 computing section) 132, a depth cueing section 134, an alpha 
value processing section 136, a sorting section 138 and a 
drawing section (or rendering section) 140. 

The geometry processing section 132 performs various 
geometry processings (or three - dimensional computations ) such 

20 as coordinate transformation, clipping, perspective 
transformation, light - source computation and so on . Object data 
after the geometry processing (or perspective transformation) 
are saved in a main memory 172 of the storage section 170. Such 
object data may include shape data such as vertex coordinates 

25 in the object, vertex texture coordinates, brightness data and 
so on . 

The depth cueing section 134 performs the depth cueing 
12 


so that the color of an object {including one or more primitive 
surfaces) is brought closer to a target color as the object is 
more distant from a viewpoint. Thus, with a gray target color, 
for example, the color of a distant object may be brought close 
5 to gray color irrespectively of the original color thereof. The 
depth cueing process is controlled by using a depth cueing value 
which is a parameter for determining the strength of the depth 
cueing effect. 

The alpha value processing section 136 performs the 
10 processing for varying the alpha value (transparency, 
translucency or opacity) of objects so that an object being more 
distant from the viewpoint will be more transparent. Thus, an 
object which has been opaque in the foreground will be made more 
transparent in the background. As a result, the problem of 
15 flickering in screen due to the appearance and disappearance 
of the distant object at the clipping position can be overcome. 

The sorting section 13 8 performs the sorting so that 
objects to be varied in alpha value (within a depth cueing area) 
will be drawn sequentially from an object nearest to the 
20 viewpoint. 

The drawing section 140 is to draw an image viewable from 
the virtual camera in the object space, based on object data 
and texture. In this case, the drawing section 140 draws objects 
in drawing order determined by the sorting section 138. 
25 The drawing section 140 includes an alpha (a) blending 

section (or translucency processing section) 142 and a 
hidden- surf ace erasing section 144. 
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The alpha blending section 142 performs such alpha 
blending ( translucency processing) process as shown by the 
following formulas, based on the alpha value of the object. 


5 Rq = (1 - a) X + <X X R2 (3) 

Gq = {1 - a) X Gi + a X G2 (4) 
BQ=(l-a)xB, H-axB^ (5) 

In the above formulas, R^, and are R, G and B 

10 components in the color (brightness) of an original image which 
has already been drawn in a frame buffer 174, and R2, and 
B2 are R, G and B color components of an image over- drawn on 
the original image. 

The hidden- surf ace erasing section 144 performs the 
15 hidden- surf ace erasing according to the Z-buffer process 
algorism by using a Z-buffer 178 in which the depth value is 
stored . 

The image generation system of this embodiment may be 
dedicated for a single -player mode in which only a single player 
20 can play the game or may have a multi -player mode in which a 
plurality of players can play the game. 

If a plurality of players make a game play, only a single 
terminal may be used to generate game images and sounds to be 
provided to all the players. Alternatively, a plurality of 
25 terminals interconnected through a network (transmission lien 
or communication line) may be used. 
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2. Features of this embodiment 

As shown in Fig. 2, this embodiment performs the depth 
cueing process such that the color of an object OB (including 
one or more polygons) will be brought closer to a target color 
5 as the obj ect is more distant from a viewpoint (a virtual camera, 
a screen or a moving object manipulated by a player) . Thus, if 
the object OB is nearer to the viewpoint, the color of the object 
remains originally. However, if the object is more distant from 
the viewpoint, the color thereof will be brought closer to the 
10 target color. 

As shown in Fig. 2, this embodiment also performs the 
alpha value varying process such that the object OB will be made 
more transparent as it is more distant from the viewpoint. Thus, 
the object OB remains opaque if it is nearer to the viewpoint 
15 and is gradually made more transparent as the object OB is more 
distant from the viewpoint. 

Therefore, the player would not feel the appearance and 
disappearance of the object at a point near the clipping 
position (or the backward clipping plane of the viewing volume) 
20 Thus, the problem of flickering in screen can be overcome. 

Figs. 3A and 3B show game images generated according to 
this embodiment. 

Referring to Fig. 3A. the most distant background is blue 
sky with the color thereof being blue. In this case, the 
25 gray- color outline of a building 20 can be viewed in the blue 
sky of the most distant background even though the color of the 
building 20 in the background is brought close to a target color 
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(e.g., gray color) through the depth cueing. Thus, the sudden 
appearance and disappearance of the building 20 will be seen 
by the player, resulting in flickering in the screen near to 
Bl of Pig. 3A. 

In addition to the depth cueing process for bringing the 
color of the building 20 closer to the target color, this 
embodiment also performs the alpha value varying process for 
making the building 2 0 of the background transparent. Therefore, 
the gray-color outline of the building 20 will not remain in 
the blue sky of the most distant background. This can overcome 
the problem of flickering in screen. 

There may be considered a technique different from that 
of this embodiment. In this technique, independent of the game 
situation, only a most distant background drawn with the same 
color as the target color of the depth cueing is used. As shown 
in Fig. 3A, for example, the target color of the depth cueing 
may be blue while the most distant background may be fixed to 
a blue sky. Thus, the blue-color outline of the building 20 in 
the background will be indistinctive. Therefore, the problem 
of flickering in screen can be overcome to some extent. 

According to this technique, however, the most distant 
background is always a blue sky independent of the position of 
a car in the course, so that the game images become monotonous. 

On the contrary, this embodiment will not create any 
problem of flickering in screen even if the most distant 
background drawn with a color different from the target color 
is used. As shown in Figs. 3A and SB, for example, various 


pictures such as blue sky, mountain or the like can be used as 
the most distant background. As a result, the game images 
generated can highly be improved in variety and reality. 

It is now assumed that the target color of the depth cueing 
5 is gray color, for example. In this case, this embodiment can 
ultimately vanish the outline of the building 20 even though 
the most distant background is a blue sky as shown in Fig. 3a 
or a mountain as shown in Fig. 3B, since the building 20 is made 
transparent by varying the alpha value. Therefore, the distant 
10 building 20 will be merged into the most distant background 
irrespectively of the color of the most distant background . This 
prevents the screen from being flickered. 

As shown in Fig. 2, this embodiment performs the depth 
cueing and alpha value processing only for an object which is 
15 within the depth cueing area (or a given area) . In other words, 
only under a condition that an object is within the depth cueing 
area, the depth cueing value thereof is varied and the alpha 
value thereof is also varied. Thus, the processing load can be 
reduced since the processings relating to the depth cueing and 
20 alpha value will not be carried out for the object which is 
outside the depth cueing area. With relating to the object which 
is out of the depth cueing area, the problem of flickering in 
screen will not be raised even though the processings relating 
to the depth cueing and alpha value are not carried out. 
25 More particularly, the processings relating to the depth 

cueing and alpha value are executed in the following manner. 

As shown in Fig. 4, for example, a vertex VEg of an object 
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OBI (or polygon PLl) includes various factors set thereto, such 
as vertex coordinates (X^, Y^^, Z^) , color (brightness) 
information {R^, G^, Bj,) , texture coordinates (\J^, v^) , depth 
cueing value DQj,, alpha value ax and so on. Similarly, a vertex 
5 VEl of another object 0B2 (or polygon PL2) includes various 
factors set thereto, such as vertex coordinates (X^, Y^, Z^) , 
color (brightness) Information (R^, G^, B^,) , texture coordinates 
(Ul, Vl) , depth cueing value DQ^, alpha value^i, and so on. In 
this embodiment, information for each pixel is determined 
10 through interpolation based on the information given to these 
vertexes . 

This embodiment causes the DQ (depth cueing) value set 
at each vertex in each object to vary based on the Z- value for 
that vertex (just the Z coordinate therein or a value determined 

15 from the Z coordinate by a given calculation) . Based on such 
a Z- value, the alpha value set at that vertex is also varied. 
It is now assumed that the Z-value increases as being more 
distant from the screen; the depth cueing effect increases as 
the DQ value increases; and the object is made more transparent 

20 as the alpha value decreases. In such a case, the DQ value is 
increased to bring the color of the object closer to the target 
color as the Z - value increases . At the same time, the alpha value 
is decreased to make the object more transparent. Thus, the DQ^, 
of the vertex VE^ of the obj ec t 0B2 shown in Fig . 4 becomes larger 

25 than the DQ,, of the vertex VEj. of the object OBI while theai 
of the vertex VEj^ becomes smaller than thea^ of the vertex VE 
As a result, the object 0B2 will have its color brought closer 
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to the target color and will be made more transparent than the 
ob j ect OBI . 

With the DQ values and alpha values of the vertexes being 
varied based on the Z- values thereof in such a manner, these 
5 values will be different from one another even in the same object 
(polygon) . Therefore, the depth cueing and alpha value can more 
accurately be controlled. 

The image generation system as according to this 
embodiment requires the hidden- surf ace erasing in which a 
10 portion not viewable from the viewpoint is erased while another 
viewable portion is only displayed. The typical hidden- surf ace 
erasing process is known as a depth sorting process or a Z - 
buffer process . 

The depth sorting (Z sorting) process sorts objects based 
15 on their distances from the viewpoint and draws the objects 
sequentially from an object farthest from the viewpoint. On the 
other hand, the Z-buf fer process provides a Z-buf fer for storing 
depth values for all the pixels (dots) on the screen and then 
uses it to perform the hidden - surf ace erasing. 
20 The Z-buf fer process judges the back-and- forth 

relationship between the pixels based on the depth values which 
have been stored in the Z -buffer. If the hidden- surf ace erasing 
is to be carried out according to the Z -buffer process, 
therefore, the drawing order of objects is not essentially 
25 required to be considered. Thus, the objects can be drawn in 
any order. 

If the alpha blending is to be performed by using the alpha 
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values, however, the drawing order of objects must be modified 
even when the hidden- surf ace erasing is carried out according 
to the Z-buffer process. 

As shown in Fig. 5A, for example, it is now assumed that 
the alpha blending relating to both the object OBI deeper from 
the viewpoint and the other object 0B2 less deep from the 
viewpoint is carried out based on the alpha value set for the 
object 0B2. In this case, the drawing must be carried out in 
such order that the object OBI is first drawn in the frame buffer 
and then over-written by the object 0B2 . Thus, the color 
information of the objects OBI and OB2 will properly be 
alpha-blended at a portion CI of Fig. 5B, so that the deeper 
object OBI can be viewable through the object 0B2 . 

On the contrary, if the objects OBI and 0B2 are drawn in 
inverse order to that of Fig. 5A, such an image as shown in Fig. 
5C will be drawn. In other words, if the object 0B2 is drawn 
prior to the object OBI, the alpha blending for the objects OBI 
and 0B2 based on the alpha value set for 0B2 will not be performed . 
As a result, the deeper object OBI will fully be hidden by the 
less deep object 0B2 at a portion C2 of Fig. 5C. Namely, the 
normal hidden - surf ace erasing process will be carried out on 
the judgment that the object 0B2 is not transparent. 

As described, the alpha blending process using the alpha 
value requires to draw the objects sequentially from an object 
most distant from the viewpoint. 

In the technique of Fig. 2 which performs the alpha 
blending for making the deeper object more transparent, however. 


it has been found that the following problem is raised if the 
objects having their set alpha values are drawn sequentially 
from an object most distant from the viewpoint. 

In Fig. 6A, for example, objects OBI to OB 4 are to be 
5 varied in alpha value according to the technique of Fig. 2. The 
object OBI is nearer to the viewpoint while the object OB4 is 
deepest from the viewpoint. In this case, if the objects OB4 , 
0B3, 0B2 and OBI are drawn in the described order as in Fig. 
5A, any deeper object will be viewable through another nearer 
10 object at each of Dl, D2 and D3 . For example, at Dl, the nearer 
and deeper objects OBI, 0B2 will be alpha - blended so that the 
deeper object OB2 is viewable through the nearer object OBI. 
Similarly, the object 0B3 or 0B4 will be viewable at D2 or D3 . 
The resulting picture is not natural. 
15 The purpose of varying the alpha value so that an object 

being more distant from the viewpoint is made more transparent 
in Fig. 2 is to naturally merge the distant object into the most 
distant background, but not to perform the alpha blending 
between the objects. However , if the objects to be varied in 
2 0 alpha value overlap one over another, the deeper object images 
will be viewable through the nearer object images to degrade 
the reality thereof, as shown by Dl, D2 . D3 in Fig. 6A. 

In view of this, this embodiment sorts the objects of 
which alpha values are varied according to the technique of Fig. 
25 2 (or the objects within the depth cueing area) to draw them 
sequentially from an object nearest to the viewpoint. In other 
words, as shown in Fig. 6B, the objects OBI to 0B4 to be varied 
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in alpha value will be drawn in order of OBI, 0B2 , 0B3 and 0B4 . 
Thus, at D4 , D5 and D6, the alpha blending will not be carried 
out between the nearer and deeper obj ects . Therefore, the nearer 
object will be over-written by the deeper object according to 
5 the hidden- surf ace erasing such as Z-buffer process (see Fig. 
5C) . Thus, the deeper object will not be viewable through the 
nearer object. More particularly, the image of the object OB2 
will be hidden by the nearer obj ect OBI at D4 ; 0B3 will be hidden 
by 0B2 at D5 ; and 0B4 will be hidden by 0B3 at D6 . Unlike Fig. 

10 6A, thus, more natural images can be generated. 

If the objects OBI to 0B4 are drawn in order as shown in 
Fig. 6B, the alpha blending can be carried out between each of 
the objects OB1-OB4 and the most distant background by drawing 
the most distant background initially. The farthest object will 

15 thus be merged into the background. This can overcome the 
problem of flickering in screen. 

3 . Processing in this embodiment 

The details of the processing according to this 
20 embodiment will be described with reference to the flowchart 
of Fig. 7. 

The most distant background is initially drawn in the 
frame buffer (step SI) . For example, the picture of blue sky 
may be drawn in Fig. 3A and the picture of mountain may be drawn 
25 in Fig. 3B. As previously described, this embodiment can draw 
the most distant background by using a color different from the 
target color of the depth cueing. The generated images can be 
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increased in variety. With initially drawing the most distant 
background, the alpha blending between each of the objects and 
the most distant background can be realized even though the 
objects to be varied in alpha value are drawn in drawing order 
5 as shown in Fig. 6B. 

Next, polygons (or objects in a broad sense) are then 
subjected to the geometry processing (step S2) . More 
particularly, the coordinate transformation may be performed 
from the local coordinate system to the world coordinate system 

10 and from the world coordinate system to the viewpoint coordinate 
system. The clipping or perspective transformation to the 
screen coordinate system may be carried out. 

It is then judged whether or not the Z- value is within 
the depth cueing area (see Fig. 2) (step S3) . If the Z -value is 

15 within the depth cueing area, DQ value (or depth cueing value) 
for a vertex in a polygon is computed based on the Z-value of 
that vertex (step S4) , as described in connection with Fig. 4. 
In other words, the DQ value is varied such that the color of 
the vertex will be brought closer to the target color as the 

20 vertex is farther from the viewpoint. The alpha value of that 
vertex is also computed based on the Z-value thereof (step S5) . 
In other words, the alpha value is also varied such that the 
vertex is made more transparent as it is farther from the 
viewpoint . 

25 On the other hand, if the Z-value is out of the depth cueing 

area, the steps S4 and S5 are omitted. Thus, the processing load 
can be reduced. 
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The results of computation ( from geometry processing, DQ 
computation, alpha value computation and so on) are then saved 
in the main memory (step S6) . 

It is then judged whether or not the processing for all 
5 the polygons has completed (step S7) . If not so, the procedure 
returns to the step S2 . If so, the polygons within the depth 
cueing area are drawn sequentially from a polygon nearest to 
the viewpoint according to the Z -value, based on the results 
saved in the main memory (step S8) . By drawing the objects in 
10 such drawing order, it can be prevented that the deeper object 
becomes viewable through the nearer object at the overlap 
between the objects, as described in connection with Fig. 6B . 

Finally, the polygons out of the depth cueing area are 
drawn based on the results saved in the main memory (step S9) . 
15 This completes the drawing process for one frame. 

4 . Hardware configuration 

An example of hardware configuration for implementing 
this embodiment is now described with reference to Fig. 8. 

20 A main processor 900 operates to perform various 

processings relating to game, image and sound, based on a 
program stored in CD 982 (or information storage medium) or a 
program transferred through a communication interface 990 or 
a program stored in ROM 950 (which is one of the information 

25 storage media) . 

A co-processor 902 assists the processings of the main 
processor 900 and has a sum- of - product computing section and 
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division computing section which can a high-speed parallel 
computation such that a matrix computation {or vector 
computation) will be carried out at high speed. For example, 
if a physical simulation for causing the objects to perform the 
movement and action thereof requires the matrix computation, 
the program running on the main processor 900 instructs or 
invites its processing to the co-processor 902. 

A geometry processor 9 04 performs various geometry 
processes such as coordinate transformation, perspective 
transformation, light- source computation, curve generation 
and so on. The geometry processor 904 has a sum- of -product 
computing section and division computing section which can a 
high-speed parallel computation such that a matrix computation 
(or vector computation) will be carried out at high speed. For 
example, if various processings such as coordinate 
transformation, perspective transformation, light- source 
computation and so on are to be carried out, the program running 
on the main processor 900 instructs the processing thereof to 
the geometry processor 904 . 

A data expanding processor 906 performs a decode 
processing for expanding compressed image and sound data or to 
perform a processing for accelerating the decode processing in 
the main processor 900. Thus, dynamic images compressed through 
MPEG system or the like can be displayed in opening, 
intermission, ending, game or other scenes. The image and sound 
to be processed through the decode processing are stored in ROM 
950 and CD 982 or externally transferred through a communication 
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interface 990. 

A drawing processor 910 draws (or renders) objects formed 
by primitive surfaces such as polygons and curved faces at high 
speed. On drawing the objects, the main processor 900 delivers 
object data to the drawing processor 910 utilizing the function 
of a DMA controller 970 and also transfers textures to a texture 
memory 924, if necessary. Thus, the drawing processor 910 draws 
the objects in a frame buffer 922 at high speed while erasing 
hidden surfaces through the Z buffer or the like, based on these 
obj ects and textures . The drawing processor can further perform 
any other processing such as alpha blending (or translucence 
processing), depth cueing, mip-mapping, fogging, tri-linear 
filtering, anti-aliasing, shading or the like. As the images 
for one frame have been written into the frame buffer 922, a 
picture will be displayed on a display 912. 

A sound processor 930 includes a multi - channel adaptive 
differential pulse code modulation (ADPCM) sound source or the 
like and generates high-quality game sounds such as BGM, sound 
effect, voice and so on. The generated game sounds are outputted 
through a speaker 932. 

Operational data from a game controller 942 and saved and 
personal data from a memory card 944 are transferred through 
a serial interface 940. 

ROM 950 has stored a system program and so on. With an 
arcade game system, the ROM 950 functions as an information 
storage medium and has stored various types of programs. In 
place of the ROM 950, any hard disc may be utilized. 


RAM 960 provides a working area for various processors. 

DMA controller 97 0 controls DMA transfer between the 
processors and memories (RAM, VRAM, ROM and the like) . 

CD drive 980 drives the CD (or information storage medium) 
982 stored image and/or sound data and enables the access to 
these programs and data. 

The communication interface 990 is one for performing 
data transfer between the game system and any external device 
through a network. In this case, the network connected to the 
communication interface 990 may be in any form such as 
communication line (analog telephone line or integrated 
services digital network (ISDN) ) , high-speed serial bus and so 
on. The communication line enables the data transfer through 
the Internet. The high-speed serial bus enables the data 
transfer between the game system of this embodiment and any 
other image generation system or game system. 

The respective means of the present invention may be 
executed only by use of the hardware structure or only according 
to a program stored in an information storage medium or 
delivered through the communication interface. Alternatively, 
they may be executed both by the hardware and program. 

Where the respective means of the present invention are 
to be executed both by the hardware and program, the information 
storage medium will store a program for executing these means 
utilizing the hardware. More particularly, this program 
instructs the processing to each of the processors 902, 904, 
906, 910, 930 and so on which are hardware and also delivers 


data to them, if necessary. Each of these processors 902, 904, 
906, 910, 930 and so on will execute the corresponding means 
of the present invention based on the instruction and delivered 
data . 

5 Fig. 9A shows an arcade game system to which the present 

invention is applied. Players enjoy a game by manipulating 
levers 1102, buttons 1104 while viewing a game scene displayed 
on a display 1100. A system board (or circuit board) 1106 
included in the game system comprises various processors and 

10 memories mounted therein. The system board 1106 includes an 
information storage medium or memory 1108 which has stored 
information (program or data) for executing the respective 
means of the present invention . These pieces of information will 
be referred to "the stored information pieces". 

15 Fig. 9B shows a domestic game system to which this 

embodiment is applied. A player enjoys a game by manipulating 
game controllers 1202 and 1204 while viewing a game picture 
displayed on a display 1200. In such a case, the aforementioned 
stored information pieces have been stored in CD 1206 or memory 

20 cards 1208 and 1209 which are detachable information storage 
media in the game system. 

Fig. 9C shows an example wherein this embodiment is 
applied to a game system which includes a host machine 13 00 and 
terminals 1304-1 to 1304 -n connected to the host machine 1300 

25 through a network (which is a small-scale network such as LAN 
or a global network such as the Internet) 1302. In such a case, 
the above stored information pieces have been stored in an 
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information storage medium 1306 such as magnetic disk device, 
magnetic tape device, semiconductor memory or the like which, 
can be controlled by the host machine 1300, for example. If the 
terminals 1304-1 to 1304 -n are designed each to have a CPU, image 
generation IC and sound processing IC and to generate game 
images and game sounds in a stand-alone manner, the host machine 
1300 delivers game program and other data for generating game 
images and game sounds to the terminals 1304-1 to 1304 -n. On 
the other hand, if the game images and sounds cannot be generated 
by the terminals in the stand-alone manner, the host machine 
1300 will generate the game images and sounds which are in turn 
transmitted to the terminals 1304-1 to 1304 -n. 

In the arrangement of Fig. 9C, the respective means of 
the present invention may be decentralized into the host machine 
(or server) and terminals. The above information pieces for 
realizing the respective means of the present invention may be 
distributed and stored into the information storage media of 
the host machine (or server) and terminals. 

Each of the terminals connected to the network may be 
either of domestic or arcade type. When the arcade game systems 
are connected to the network, it is desirable that each of the 
arcade game systems includes a portable information storage 
device (memory card or portable game machine) which can 
transfer the information not only between arcade game systems 
but also between arcade game systems and domestic game systems. 

The present invention is not limited to the things 
described in connection with the above forms , but may be carried 


out in any of various other forms. 

For example, in the invention as defined in one dependent 
claim, part of the components in the independent claim to which 
the one dependent claim belongs may be omitted. Alternatively, 
the primary part of one independent claim may be dependent on 
any other independent claim. 

Although it is desirable that the processings relating 
to the depth cueing and alpha value are as described in 
connection with Fig. 4. etc., the present invention is not 
limited to such processings, but may be carried out in any one 
of various other processings . 

Furthermore, in the present invention (and particularly 
the invention of drawing the objects of which alpha values are 
varied sequentially from an object nearest to the viewpoint) , 
the depth cueing process may be omitted with only the alpha value 
varying process for objects being executed. 

The present invention may be applied to any of various 
games such as fighting games, shooting games, robot combat games, 
sports games, competition games, role-playing games, music 
playing games, dancing games and so on, other than the racing 
game . 

Furthermore, the present invention can be applied to 
various game systems such as arcade game systems, domestic game 
systems, large-scale attraction in which many players can 
participate, simulators, multimedia terminals, image 
generation systems, and system boards that create game images. 


CLAIMS 


1. An image generation system comprising: 

depth cueing processing means which performs processing 
5 for depth cueing for an object such that the color of the object 
being more distant from a viewpoint is made closer to a target 
colors- 
alpha value processing means which performs processing 
for varying an alpha (a) value of the object so that the object 
10 being more distant from the viewpoint becomes more transparent; 
and 

drawing means which draws an image viewable from a virtual 
camera in an object space. 

15 2. The image generation system as defined in claim 1, 

wherein the drawing means draws a most distant background 
including a color different from the target color. 

3. The image generation system as defined in claim 1, 

2 0 wherein the depth cueing processing means performs depth 

cueing for the object on condition that the object is positioned 
within a given area; and 

wherein the alpha value processing means performs 
processing for varying the alpha value on condition that the 

25 object is positioned within a given area. 

4. The image generation system as defined in claim 2, 
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wherein the depth cueing processing means performs depth 
cueing for the object on condition that the object is positioned 
within a given area; and 

wherein the alpha value processing means performs 
5 processing for varying the alpha value on condition that the 
object is positioned within a given area. 

5. The image generation system as defined in claim 1, 
wherein the depth cueing processing means varies a depth 

10 cueing value for each vertex of the object based on a Z- value 
for each vertex of the object; and 

wherein the alpha value processing means varies the alpha 
value for each vertex of the object based on the Z- value for 
each vertex of the object. 

15 

6. The image generation system as defined in claim 2, 
wherein the depth cueing processing means varies a depth 

cueing value for each vertex of the object based on a Z-value 
for each vertex of the object; and 
20 wherein the alpha value processing means varies the alpha 

value for each vertex of the object based on the Z-value for 
each vertex of the object. 

7. The image generation system as defined in claim 1 , further 
25 comprising: 

sorting means which sorts objects of which alpha values 
are varied and causes the objects to be drawn sequentially from 
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an object nearest to the viewpoint. 

8. The image generation system as defined in claim 2 , further 
comprising : 

5 sorting means which sorts objects of which alpha values 

are varied and causes the objects to be drawn sequentially from 
an object nearest to the viewpoint. 

9. An image generation system comprising: 

10 alpha value processing means which performs processing 

for varying an alpha (a) value of an object so that the object 
being more distant from the viewpoint becomes more transparent; 
and 

drawing means which draws an image viewable from a virtual 
15 camera within an object space. 

10. An image generation system comprising: 

alpha value processing means which performs processing 
for varying an alpha (a) value of an object depending on the 
20 distance between the object and the viewpoint; 

sorting means which sorts objects of which alpha values 
are varied and causes the objects to be drawn sequentially from 
an object nearest to the viewpoint; and 

drawing means which draws an image viewable from a virtual 
25 camera in an object space in drawing order determined by the 
sorting means while performing alpha blending based on the alpha 
value . 
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11. A computer- usable program embodied on an information 
storage medium or in a carrier wave, comprising a processing 
routine for implementing: 

5 depth cueing processing means which performs processing 

for depth cueing for an object such that the color of the object 
being more distant from a viewpoint is made closer to a target 
color; 

alpha value processing means which performs processing 
10 for varying an alpha ia) value of the object so that the object 
being more distant from the viewpoint becomes more transparent; 
and 

drawing means which draws an image viewable from a virtual 
camera in an object space. 

15 

12. The program as defined in claim 11, 

wherein the drawing means draws a most distant background 
including a color different from the target color. 

20 13. The program as defined in claim 11, 

wherein the depth cueing processing means performs depth 
cueing for the object on condition that the object is positioned 
within a given area; and 

wherein the alpha value processing means performs 
25 processing for varying the alpha value on condition that the 
object is positioned within a given area. 
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14. The program as defined in claim 12, 

wherein the depth cueing processing means performs depth 
cueing for the object on condition that the object is positioned 
within a given area; and 

wherein the alpha value processing means performs 
processing for varying the alpha value on condition that the 
object is positioned within a given area. 

15. The program as defined in claim 11, 

wherein the depth cueing processing means varies a depth 
cueing value for each vertex of the object based on a Z- value 
for each vertex of the object; and 

wherein the alpha value processing means varies the alpha 
value for each vertex of the object based on the Z- value for 
each vertex of the object. 

16. The program as defined in claim 12, 

wherein the depth cueing processing means varies a depth 
cueing value for each vertex of the object based on a Z -value 
for each vertex of the object; and 

wherein the alpha value processing means varies the alpha 
value for each vertex of the object based on the Z- value for 
each vertex of the object. 

17. The program as defined in claim 11, further comprising 
a processing routine for implementing: 

sorting means which sorts objects of which alpha values 


are varied and causes the objects to be drawn sequentially from 
an object nearest to the viewpoint. 

18. The program as defined in claim 12, further comprising 
5 a processing routine for implementing: 

sorting means which sorts objects of which alpha values 
are varied and causes the objects to be drawn sequentially from 
an object nearest to the viewpoint. 

19. A computer-usable program embodied on an information 
storage medium or in a carrier wave, comprising a processing 
routine for implementing: 

alpha value processing means which performs processing 
for varying an alpha (a) value of an object so that the object 
being more distant from the viewpoint becomes more transparent; 
and 

drawing means which draws an image viewable from a virtual 
camera within an object space. 

20 20. A computer-usable program embodied on an information 
storage medium or in a carrier wave, comprising a processing 
routine for implementing: 

alpha value processing means which performs processing 
for varying an alpha i a) value of an object depending on the 
25 distance between the object and the viewpoint; 

sorting means which sorts objects of which alpha values 
are varied and causes the objects to be drawn sequentially from 
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an object nearest to the viewpoint; and 

drawing means which draws an image viewable from a virtual 
camera in an object space in drawing order determined by the 
sorting means while performing alpha blending based on the alpha 
5 value. 
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ABSTRACT 


An objective is to provide an image generation system and 
program which can overcome the problem of flickering in screen 
5 due to the appearance and disappearance of distant objects. A 
depth cueing processing is executed such that the color of an 
object being more distant from the viewpoint is made closer to 
the target color. At the same time, the alpha value is varied 
such that an object being more distant from the viewpoint is 

10 made more transparent. By drawing the most distant background 
including a color different from the target color, the generated 
images can be improved in variety. The depth cueing and alpha 
value varying processings are carried out on condition that the 
object is positioned within the depth cueing area. The depth 

15 cueing value and alpha value for each vertex in the object are 
varied based on a Z-value for the vertex. Objects to be varied 
in the alpha value are sorted such that they are drawn 
sequentially from an object nearest to the viewpoint. This 
prevents the alpha blending to be executed at an overlap area 

20 of the adjacent objects. 


38 


09/8893 


1/9 



09/889372 


2/^9 


g-CZ 



ceo 
o 


CM 

d 


10 


09/889372 



09/8893 


4/9 



5X9 


C9/ 889372 


FIG. 5A 


OB2 (NEARER) 



FIG. 5B 


OB2 (NEARER) 



OBI (DEEPER) 


FIG. 5C 


OB2 (NEARER) 



OBI (DEEPER) 


09/88937? 


6/9 



09^889372 


FIG. 7 


7/9 


I 


DRAW MOST DISTANT BACKGROUND 


S2 


GEOMETRY PROCESSINGS 
/COORDINATE TRANSFORMATION,' 

CLIPPING, PERSPECTIVE 
V TRANSFORMATION AND SO ON 



COMPUTE DEPTH CUEING (DQ) VALUE 
BASED ON Z-VALUE FOR EACH 
VERTEX IN POLYGON 


COMPUTE ALPHA-VALUE 
BASED ON Z-VALUE FOR 
EACH VERTEX IN POLYGON 



DRAW POLYGONS WITHIN DEPTH 
CUEING AREA SEQUENTIALLY 

FROM A POLYGON NEAREST TO 
THE VIEWPOINT ACCORDING TO Z- 

VALUE, BASED ON THE RESULTS 
SAVED IN THE MAIN MEMORY 


S9 


DRAW POLYGONS OUT OF 

DEPTH CUEING AREA 
BASED ON THE RESULTS 
SAVED IN THE MAIN MEMORY 


( END ) 


8X9 



FIG. 9 A 


9X9 



FIG. 9C 


HOST MACHINE 


INFORMATION 
STORAGE MEDIUM 



TERMINAL TERMINAL TERMINAL 


1302 


1304-1 l"304-2 1304-3 


T 


TERMINAL 


PTO/SB/106 (8-96) 
Approved for use through 9/30/98 0MB 0651-0032 
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond jo collection of information unless it dsplays a valid 0MB control number. 

Attorneys Ref. No.: 110106 

Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 


As a below named inventor, I hereby declare that: 


fe©ffiHfx fA•ffi^ H^ii^ Ta3©fe©ffi^©^t-fH®$txfe My residence, post office address and citizenship are as stated 

fi ?3 t" o next to my name. 

TfHffl:Sl^®|gait 11 LT MsRIgHCfaa^ tl^ #i^tHJilLT I believe I am the original, first and sole inventor (if only one name 

V^■g>^Bif*IgfcoV^T^ fe^^SW^'OBi— ©^H^# (TfECffi^r is listed below) or an original, first and joint inventor (If plural 

4^-0®:!^) ^) L < t±*S)A^O±t[Bl^HJ#-e^5 il (TI3®^ names are listed below) of the subject matter which is claimed 

K54^fflS®^-a) IB ^X\^^ S To and for which a patent is sought on the invention entitled 

W^^.^'y'^^^'Sl.lf-l^^^^-U IMAGE GENERATION SYSTEM AND PROGRAM 


the specification of which Is attached hereto unless the following 
box Is checked: 


3 2000^10^ 24 B fc^tBgjx. ^mmmm^^fzJA 
^mm'^^m H^mss^^ pct/jpoo/o7429 t l. 


was filed on October 24. 2000 
as United States Application Number or 
PCT International Application Number 
PCT/JPOO/07429 and was amended on 
(if applicable). 


LT v^ ?, ^ i: ^ c c tas^ b t -To 


I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 


I acknowledge the duty to disclose information which is material 
to patentability as defined In Title 37, Code of Federal 
Regulations, Section 1.56. 


Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the individual case. Any 
he amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark 
!. Wfl.shin2+on. DC 20231. DO NOT STCND FEES OR COMPT-ETRn FORMS TO THTS ADDRESS. REND TO: Commissioner of Patents and 
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Japanese Language Declaration 


fAii. ^mmmms 5^119^ (a) - (dm^use 5^ 


Prior Foreign Application(s) 

11-327669 
(Number) 

(Number) 


I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for 
patent or inventor's certificate, or 365(a) of any POT 
International application whicin designated at least one country 
other than the United States, listed below and have also identified 
below, by checking the box, any foreign application for patent or 
inventor's certificate, or POT International application having a 
filing date before that of the application on which priority is 
claimed. 

Priority Not Claimed 


Japan 


ntry) 

g) 


(Day/Month/Year Filed) 

(fflil^MH) 


□ 


(Country) 


(Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 


(Application No.) 


(Filing Date) 


(Application No.) 


(Filing Date) 

(mMB) 


3 6 5^(c)fca-:3<tSfiJ%^::t^5Sb^to tfe. *dilll© 


(Application No.) 


(Filing Date) 


(Application No.) (Filing Date) 

mm(Dmm&v^fitn^(D'^:fy&i^m^^^i smmi 0 0 1 

:^:it. ^bT^©J;d^^iKKCi2.*m©p9H^^tr^=ftx.a. tii 


I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365 (c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided by 
the first paragraph of Title 35, United States Code, Section 1 1 2, 1 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of 
the prior application and the national or PCT International filing 
date of application: 

(Status: Patented, Pending, Abandoned) 

mm : jftfFffFnr^. mm^. mMm) 

(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Under the Paperwork Reduction Act of 1 E 


10 persons are required t 
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Japanese Language Declaration 

(B:*:|gM«) 


James A. Oliff, (Reg. 27^075). 
William P. Berridge, (Reg. 30.024) 
Kirk M. Hudson, (Reg. 27,562) 
Thomas J. Pardini, (Reg. 30.411) 
Edward P. Walker, (Reg. 31.450) 
Robert A. Miller, (Reg. 32J2iL_ 
Mario A. Costantino, (Reg. 33>65l. 


POWER OF ATTORNEY: As a named inventor, I hereby appoint the 
following attorney(s) and/or agent(s) to prosecute this application 
and transact all business in the Patent and Trademark Office 
connected therewith- (list name and registration number) 

James A. Oliff. (Reg. 27,075) 

William P. Berridge, (Reg 30,024) 

Kirk M. Hudson, (Reg. 27,562) 

Thomas J. Pardini, (Reg 30,411) 

Edward P. Walker, (Reg 31,450) 

Robert A. Miller, (Reg. 32,771) 

Mario A. Costantino, (Reg. 33,565) 


OLIFF & BERRIDGE, PLG_ 

P ^. BoxT 992i~~~~~°~^ 
Alexandria^yirginia 22320 


Send Correspondence to: 
OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 


OLIFF & BERRIDGE, PLC 
(703) 836-6400 

Direct Telephone Calls to: (name and telephone number) 
OUFF & BERRIDGE. PLC 
(703) 836-6400 

4>JII 5$ • 

Full name of sole or first inventor 
Jun NAKAGAWA 


Inventor's signature Date /. 


Residence ^ 
S.eta^iy_arku, Tokyo, Japan T" J( 

a* 

Citizenship ^ 
Japan 

1 54-001 1 B:*cSmSS51ttBa^E±S 2-26-20-707 

Post Office Address 

2-26-20-707, Kamiuma, Setagaya-ku, Tokyo 154-0011 Japan 



Full name of second joint inventor, if any 

mr-^m^m^om^ Bit 

Second Inventor's signature Date 

{■m 

Residence 

, Japan 

mm 

Citizenship 
Japan 


Post Office Address 


(|^HJil^©*^[BI^B^#t::-^v^T^jlBl®lcaaab. S^^t"?.^ 

(Supply similar information and signature for third and subsequent 
joint inventors.) 
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